Aspirin has low solubility in water therefore, dissolution is a rate limiting step for absorption. Floating tablet formulation is designed to improve the bioavailability of aspirin. The objective of this study was to determine in vitro dissolution study of aspirin floating tablet release kinetics model. The floating tablets were prepared by a direct compression method using Methocel K4M CR, NaHCO 3 , Ethocel, Aerosil, and dicalcium phosphate anhydrous as excipients. Tablets were evaluated by different parameters such as physicochemical properties, floating lag time (F lag time ), total floating time, and dissolution. The result showed that the tablet mass has good flow properties of 13.54 g/sec. Aspirin floating tablets had a weight uniformity (CV=1.45%), good hardness (6.42kg), and low friability (0.158%). The tablet has a short F lag time of 25.16 sec and long floating time of 8 hours. Dissolution data were evaluated using DDSolver conducted by (1) Statistical parameters: R 2 adjusted , AIC, MSC; (2) Visual goodness of fit (GOF). The results showed that aspirin floating tablets release kinetics followed the Korsmeyer-Peppas model. Aspirin release occurs through the mechanism of anomalous transport which combines Fickian diffusion and polymer relaxation.
INTRODUCTION
Aspirin is used as an antiplatelet for stroke prophylaxis (Laurer, 2002; Awtry and Loscalzo, 2000; Patrono and Rocca, 2008) . Aspirin prevents blood from clotting by inhibiting cyclooxygenase, the enzyme responsible for the formation of thromboxane A2, which is a mediator of platelet aggregating (Kannan et al., 2010; Awtry and Loscalzo, 2000) .
Aspirin has a low bioavailability due to first-pass effect and hydrolysis to salicylate metabolism in the gut wall (Sweetman, 2009) . Aspirin is rapidly absorbed in the upper gastrointestinal tract, especially in the portion of the small intestine (Awtry and Loscalzo, 2000; Sweetman, 2009) . Therefore, formulation of floating drug delivery system (floating on the gastric fluid) are designed to improve the bioavailability of aspirin (Suratri, 2008) .
Aspirin has low solubility in water (1:300) (Moffat et al., 2011; Sweetman, 2009) therefore, dissolution is one of the rate limiting step in their absorption and bioavailability (Gordon et al., 1994; Wells, 2002) . Information on the mechanisms and kinetics of dissolution is important to estimate the absorption of aspirin floating tablet. Several mathematical models were developed to analyze dissolution data such as the zero-order, first-order, Higuchi, Weibull, Korsmeyer-Peppas, HixsonCrowell, Baker-Lonsdale, and Hopfenberg. The nonlinear fitting of dissolution data can be performed using a professional statistical programs such as Micro-Math Scientist, GraphPad Prism, SigmaPlot, or SYSTAT. However, these programs require the user to define the equations manually and need the initial value for each parameter (Zhang et al., 2010) . DDSolver is a new software developed for the kinetic analysis of dissolution data (Murtaza et al., 2012) with a non-linear regression approach. DDSolver is a menudriven add-in program for Microsoft Excel written in Visual Basic for Applications. Calculation using Excel offers a number of advantages over other software. The most attractive of advantages is the easy of use. Most scientists are already familiar with Excel because of its wide availability and high flexibility (Zhang et al., 2010) . This study was aimed to describe the dissolution data of aspirin floating tablet using DDSolver.
MATERIAL AND METHODS
Aspirin was obtained from Jilin Pharmaceutical Co. (Jilin, China), sodium bicarbonate from Tosoh Corporation (Tokyo, Japan), dicalcium phosphate anhydrous from Budenheim (Budenheim, Germany), Methocel K4M CR and Ethocel Premium Standard 20 from Colorcon Asia Pvt. Ltd. Hydrochloric acid and sodium chloride (analytical grade) were purchased from Merck (Darmstadt, Germany). All other chemicals used were of pharmaceutical grade.
Preparation of floating tablet
Tablets were prepared by direct compression method based on formulation in Table I . Aspirin, Methocel K4M CR, sodium bicarbonate, Ethocel, dicalcium phosphate anhydrous, and Aerosil were mixed in a cube mixer at 30rpm for 3min. The tablet compression process used single punch tablet machine (Korsch, Germany). The weight of tablets were arranged at 200mg and the hardness of tablet were controlled at 6-8kg (Monsanto hardness tester). Weight variation: Twenty tablets were randomly selected from the batch and weighed individually to check for weight variation. Hardness test: Monsanto hardness tester was used to determine the tablet hardness. Friability: About 20 tablets were selected from each batch and evaluated for friability using an abrasive tester (ERWEKA, Germany).
Floating lag time (F lag time )
Tablet was immersed in beaker containing 100 mL of simulated gastric fluid (SGF) without pepsin pH 1.2. Time required for the tablet to rise to the surface and floating was determined as floating lag time (Patel et al., 2007a) .
In vitro dissolution studies
The in vitro dissolution study was determined using Erweka DT 600 USP apparatus II (paddle method), using 900mL SGF without pepsin pH 1.2 as dissolution medium at 37±0.2°C and 60rpm (USP XXXII, 2008; Gopalakrishnan and Chenthilnathan, 2011) . Aliquouts of 5mL was taken out at intervals of 15, 30, 45, 60, 120, 180, 240, 300, 360, 420, and 480min . Exactly 5mL of fresh SGF was added to the dissolution vessel after each withdrawal to maintain a constant volume. The samples were analyzed by UVVis spectrophotometer (Genesys 10 Thermo) at 280nm.
Determination of drug content
Twenty tablets were taken randomly from the batch, weighed, and powdered. A 200mg of powder equivalent to 80mg of aspirin was put into a 100mL flask. Two mL of absolute ethanol and simulated gastric fluid (without pepsin) were added up to the mark. The solution was centrifuged for 60min, then filtered with filter paper. The drug content was analyzed at the wavelength of aspirin (278nm) and salicylic acid (304nm) using a UV-Vis spectrophotometer. Drug content was then calculated with a simultaneous spectrophotometric method.
Data analysis
Physicochemical and floating properties were evaluated based on the applicable requirements. The dissolution data modeling was calculated using DDSolver. Evaluation of release kinetics model was conducted by (1) statistical parameters: R 2 adjusted, Akaike Information Criterion (AIC), Model Selection Criterion (MSC); and (2) Visual goodness of fit (GOF).
RESULTS AND DISCUSSION
The physicochemical properties of aspirin floating tablets Aspirin floating tablets have good physicochemical properties (Table II) . The tablets have a uniform weight with CV=1.45 % so the active substance in each tablet was uniform (Davies, 2009) . Tablets have good hardness of 6.42kg (Gordon et al., 1990) and low friability (<1%) therefore, it withstand to mechanical shocks and not easily destroyed. The content of aspirin in floating tablets within the required USP XXXII (2008) range of 95-105%. 
In vitro buoyancy of aspirin floating tablets
One parameter of good floating tablet quality is the tablet's ability to float in the medium indicated by Flag time and floating time. The duration of floating indicates the time of tablets float in the dissolution medium. Aspirin floating tablets was able to float during dissolution test, intact and not eroded. This indicates that the floating tablet of aspirin can release during dissolution testing. The composition of excipients used in the formulation was able to maintain the floating ability and the integrity of the tablets. Ethocel, aerosil, and dicalcium phosphate anhydrous are hydrophobic excipients that play a role in the maintaining of integrity of the tablets in the dissolution medium.
Flag time indicates the speed of tablet to float in the dissolution medium. Flag time test (Table II) showed that aspirin floating tablets within the requirements of less than 180 seconds (Patel et al., 2007a) . The sooner the tablet floats, the better the floating quality.
Buoyancy was determined by the density of tablet. If the density is less than 1, the tablets will float properly (Patel et al., 2007a; Dave et al., 2004) . Aspirin floating tablet buoyancy is determined by the composition of Methocel K4M CR, NaHCO3, and Ethocel as excipients. When NaHCO3 reacts with SGF, the CO2 gas was produced. Gas trapped in a hydrophilic gel Methocel K4M CR thereby, decreasing the density of the tablets (Patel et al., 2007b) . Ethocel, which is hydrophobic, will maintain the integrity of tablet to float in a long time. Therefore, the combination of these three excipients produced a floating tablet with short Flag-time and long floating duration.
In vitro dissolution profiles of aspirin floating tablets
Aspirin floating tablet dissolution test was conducted according to USP XXXII (2008). Aspirin tablets were designed to float in the stomach for a long time. Drug release will occur in the gastric; therefore, the SGF (without pepsin) pH 1.2 was used as dissolution test medium. The dissolution profile was made by plotting the percentage of drug dissolved versus time (Figure 1 ). The amount of aspirin dissolved in the 60 minutes is 22.73% within USP XXXII (2008) range of 20-55%. The amount of aspirin released after 8h was 84.85%.
Dissolution study of aspirin floating tablet release using DDSolver
In vitro drug release data were fitted to kinetics models such as the zero-order, firstorder, Higuchi, Weibull, Korsmeyer-Peppas, Hixson-Crowell, Baker-Lonsdale, and Hopfenberg using DDSolver. The input of dissolution data into DDSolver include: (1) percentage of drug dissolved, (2) dissolution time (minutes). Modeling dissolution by DDSolver were estimated by nonlinear regression in accordance with the equation in  table III. Analysis model of visual goodness of fit (GOF) conducted in two methods: (1) the correlation of Qo (amount of aspirin dissolved in the experimental results) versus Qc (the predicted amount of aspirin dissolved in the medium) ( Figure 2) ; (2) the correlation of residuals versus time (Figure 3) (Nugroho et al., 2014) . figure 2 showed that the Korsmeyer-Peppas model was the most appropriate model to explain the phenomenon of aspirin dissolution in floating tablet. Kormeyer-Peppas models provide the less deviation between Qo and Qc, so it appears in figure 2 that the distribution of dissolution data (Qo) beyond the curve of predicted dissolution data (Qc). Modeling kinetics of dissolution in zero-order, first-order, Higuchi, Weibull, Hixson-Crowell, BakerLonsdale, and Hopfenberg produced the more deviation of Qo and Qc. This is reinforced by the residual correlation analysis (Qo-Qc) versus time indicates that Korsmeyer-Peppas models do not form a specific pattern in figure 3.
Correlation analysis of Qo versus Qc in
DDSolver provides a number of statistical criteria to evaluate the dissolution model included the correlation coefficient (R_obs-pre), the coefficient of determination (Rsqr, R 2 , or COD), the adjusted coefficient of determination (Rsqr_adj or R 2 adjusted), mean square error (MSE), standard deviation residuals (MSE_root or Sy.x), SS, WSS, Akaike Information Criterion (AIC), and Model Selection Criterion (MSC). Among these parameters, R 2 adjusted, AIC, MSC are the most popular and widely used in the identification of dissolution data modeling (Zhang et al., 2010) . R 2 adjusted is the most appropriate parameter for comparing dissolution models with different parameters compared to R 2 . (Zhang et al., 2010) . Based on R 2 adjusted in table IV, Korsmeyer-Peppas is the most appropriate model for this study. AIC parameters have been used for more than 35 years in the dissolution data analysis because it is simple and easy to use (Zhang et al., 2010) . The model with the smallest AIC value is the most precise model (Motulsky and Christopoulos, 2003) . The MSC is a modified reciprocal form of the AIC and has been normalized so that it is independent of the scaling of the data points. If we compared several models, the model with the highest value of the MSC is the best model. In general, the model was appropriate when the MSC value > 2 or 3 (Zhang et al., 2010) . Dissolution model parameters in table IV showed that the Korsmeyer-Peppas models is the best model to explain the phenomenon of aspirin floating tablet dissolution. Korsmeyer-Peppas dissolution models explain the exponential relationship of dissolved drug fraction versus time. F = kKP t n F= fraction of drug dissolved at time t, a = drug dissolution constant, t = dissolution time (minutes), and n = dissolution exponent (Costa and Lobo, 2001) .
Dissolution exponent (n) can be used to explain the mechanisms involved in the dissolution (Kalam et al., 2007) . The analysis result of aspirin floating tablet dissolution with Korsmeyer-Peppas gave n value of 0.712 (Table  V) . For cylindrical dosage form (tablets) then 0.45 < n <1 indicates that dissolution occurs through the mechanism of anamalous transport (Costa and Lobo, 2001; Colombo et al., 2000) . The release of aspirin from floating tablet occurs through the combination of Fickian diffusion and polymer relaxation. The dissolution of aspirin was influenced by the excipients in the tablet. Methocel K4M CR is a hydrophilic polymer HPMC. When it contacted with SGF, Methocel K4M CR will expand to form a thick gel. NaHCO3 reacts with dissolution medium (SGF) produces CO2 which form pores in the polymer gel Methocel K4M CR. Ethocel, which is hydrophobic, will maintain the integrity of the tablets to withdraw the massive erosion. Therefore, the release of aspirin occurs through Fickian diffusion pass through hydrophilic gel. The dissolution of aspirin was also determined by the relaxation ability of Methocel K4M CR and Ethocel in the medium. 
CONCLUSION
Based on the results it can be concluded that aspirin floating tablets fulfilled the requirements of good quality tablet. The dissolution data evaluated with DDSolver showed that the kinetics release of floating tablets followed the Korsmeyer-Peppas model through anomalous transport mechanism which combines Fickian diffusion and polymer relaxation.
